O besity has emerged as a marker of serious health risk for our nation's children. Childhood obesity is associated with increased risk for later development of type 2 diabetes and other chronic diseases such as hypertension, coronary heart disease, and some forms of cancer. 1, 2 Obesity also increases the risk for social and emotional morbidity for children and adolescents. 1 Furthermore, childhood obesity tends to persist into adulthood. 1, 2 According to previous studies, American Indian children experience higher prevalence of obesity and related health conditions, such as type 2 diabetes, compared with US children as a whole. 1, [3] [4] [5] [6] [7] [8] However, previous estimates of obesity among American Indian/Alaska Native (AI/AN) children have relied upon limited regional studies, often with small sample sizes. 1 The extent and severity of obesity among AI/AN children and youths have not been examined nationally. Childhood obesity among low-income preschool-aged children in the United States may be decreasing, as indicated by Pediatric Nutrition Surveillance System data in several states 9 and in nationally representative data of children aged 2 to 5 years from the National Health and Nutrition Examination Survey (NHANES) from 2003-2004 to 2013-2014 . 10 However, the latest studies drawing upon nationally representative data from NHANES have demonstrated no significant changes in childhood obesity prevalence for children aged 2 to 19 years in recent years, from 2005-2006 to 2013-2014. 10, 11 These findings suggest that overall childhood obesity prevalence may be plateauing, but is not decreasing.
To determine if similar trends are occurring in AI/AN children, we examined the prevalence of childhood obesity and overweight in the Indian Health Service (IHS) active clinical population in each year from 2006 to 2015. In addition, we estimated prevalence by age, sex, and geographic region.
METHODS
We used data collected each fiscal year (October 1 to September 30) from 2006 to 2015 at federally funded health care facilities that serve AI/AN people across all 12 IHS administrative areas. The facilities include federally operated IHS hospitals and clinics, as well as facilities operated directly by tribal governments through contracts or compacts with the IHS. We also included urban Indian health organizations that provide services to AI/AN people residing in 34 metropolitan areas. Together, these health care facilities serve about 2.2 million AI/AN people who belong to 567 federally recognized tribes in 36 states.
We obtained the data from the IHS National Data Warehouse (NDW), a central repository of registration and encounterbased patient data from IHS, tribal, and urban (I/T/U) Indian health facilities. [12] [13] [14] [15] As patients can receive services at multiple facilities, which submit data separately to the NDW, we identified unique patients according to the IHS standard unduplication process, which employs a probabilistic matching strategy to assign a unique identifier to each individual patient. 15 This process allows patient information in the NDW to be linked across facilities within a fiscal year; however, it does not allow for data for individual patients to be linked across years. 13 As such, the data were treated as cross-sectional, with each year treated independently of the others. This approach should result in conservative estimates of variability and confidence interval limits. 16 Patients aged 2 to 19 years in the I/T/U clinical population with at least 1 outpatient primary care encounter for the relevant fiscal year were eligible to be included. We defined primary care encounters on the basis of clinic type and included general, pediatric, and family practice. Patients also had to be identified by sex and as AI/AN in the NDW. Data were available for AI/AN children from all 12 IHS administrative areas, and the distribution of AI/AN children across areas was similar to the overall distribution of AI/AN people of all ages across the areas.
Outcome Variable
We selected the most recent values of height and weight measured during the same outpatient encounter in each fiscal year for each eligible patient. We calculated body mass index (BMI) as weight in kilograms divided by height in meters squared, with ageand sex-specific BMI percentiles determined by using the 2000 Centers for Disease Control and Prevention (CDC) growth charts. 17 Approximately one third of eligible patients in each fiscal year did not have any values for height and weight or did not have values for both during the same encounter. We excluded children if their BMI value was identified as being biologically implausible (extremely low or high), according to CDC definitions. 18 We defined overweight and obesity on the basis of BMI percentiles. Overweight is presented in 2 different ways. First, we assigned children to distinct categories of overweight versus obesity, with overweight defined as BMI greater than or equal to the 85th and less than 95th percentile for age and sex (definition 2) and obesity as BMI greater than or equal to the 95th percentile for age and sex. 19 Second, to facilitate comparisons with other recent studies, overweight is also defined as BMI greater than or equal to the 85th percentile (definition 1). We defined class 2 obesity as BMI greater than or equal to 120% of the 95th percentile or BMI greater than or equal to 35, whichever is lower based on age and sex. We operationalized class 3 obesity as BMI greater than or equal to 140% of the 95th percentile or BMI greater than or equal to 40, whichever is lower based on age and sex. 20 
Other Variables
Other demographic variables obtained through the NDW included date of birth and sex. We calculated age as months of age at the time of selected height and weight for calculating BMI and converted to years of age by dividing by 12 and using the integer part of the result (e.g., we analyzed 10 years and 0 days to 10 years and 364 days as age of 10 years). We divided patients into age groups of 2 to 5, 6 to 11, and 12 to 19 years, consistent with other publications of obesity data on US children.
Because obesity prevalence varies regionally, we also examined trends by the following geographic regions: Alaska, California, Northwest, Southwest subregion 1, Southwest subregion 2, Southern Plains, Northern Plains, Great Lakes, and East (Figure A, available as a supplement to the online version of this article at http://www. ajph.org). We created these geographic regions by renaming or combining IHS areas to preserve anonymity of specific tribes.
Statistical Analysis
The data analyses for this study were undertaken with SAS/BASE and SAS/STAT software, version 9.4 of the SAS System for Windows (2002-2012, SAS Institute Inc, Cary, NC).
We calculated descriptive statistics and confidence intervals, but we performed no statistical comparisons as there was substantial overlap in the children included over the fiscal years and no way to easily identify children from year to year. We adjusted analyses for clustering of patients within geographic areas by using survey analysis procedures in SAS. 
RESULTS

At
Overweight and Obesity Prevalence in 2015
For 2015, 206 834 AI/AN children aged 2 to 19 years had BMI data in the NDW that met the criteria described in Methods and were included in the analysis. Table 1 summarizes overweight and obesity prevalence by age, sex, and region for 2015.
Overall, in AI/AN children aged 2 to 19 years, the prevalence of overweight (definition 2: BMI ‡ 85th but < 95th percentile) was 18.5% and obesity was 29.7%. Children aged 2 to 5 years were the smallest group, 26.3% of children included, and had the lowest prevalence of overweight (17.5%), obesity (20.7%), and classes 2 and 3 obesity (4.3% and 1.0%, respectively). Those aged 12 to 19 years represented the majority of children included, 40.6%, and had the highest prevalence of overweight (19.7%), obesity (33.8%), and classes 2 and 3 obesity (16.1% and 6.3%, respectively). In the middle age group, 6 to 11 years, prevalence was between the younger and older age groups for all BMI categories, with 17.9% overweight, 31.7% obese, 13.0% class 2 obese, and 4.4% class 3 obese.
Obesity and overweight in AI/AN children varied by year of age, with the highest obesity prevalence observed at 11 years of age ( Figure 1 ). The distributions of children with BMI less than the 85th percentile and those with obesity underwent reciprocal changes with increasing age, while overweight remained relatively unchanged.
Slightly more girls than boys were included in the analysis, 51.1% versus 48.9%. Whereas girls had a higher prevalence of overweight, 20.2%, versus 16.8% for boys, boys had higher prevalence of obesity than girls, 31.5%, versus 27.9%. Boys also had higher prevalence of classes 2 and 3 obesity than girls, 13.0% versus 11.0% and 4.7% versus 3.9%, respectively.
Among geographic regions, the Southern Plains had the lowest prevalence of both overweight (17.1%) and obesity (26.0%, equal to Alaska), respectively. The highest prevalence of overweight was seen in Alaska (20.8%), and the highest prevalence of obesity was seen in Southwest subregion 2 (35.9%).
For class 2 obesity prevalence, Alaska was lowest (8.9%), and for class 3 obesity, Alaska and Southwest subregion 1 tied for lowest at 3.1%. Southwest subregion 2 was highest for both class 2 and 3 obesity (15.6% and 5.9%). Prevalence of overweight and obesity by geographic region was stable over all years of the study, with only small changes from year to year (data not shown). 
Overweight and Obesity Trends
DISCUSSION
We found that AI/AN children aged 2 to 19 years in this population consistently had a higher estimated prevalence of obesity than US children the same age included in NHANES (Figure 2 ). This finding is consistent with previous regional and tribalspecific studies. 1, 6 Although obesity prevalence was higher for AI/AN children than US children overall, we observed similar trends over time in prevalence of overweight and obesity in both groups.
The decrease in obesity prevalence we observed among AI/AN children aged 2 to 5 years from 2006 to 2015 is consistent with findings reported in national studies of children the same age. In particular, decreases in obesity prevalence have recently been reported among low-income preschool-aged children in 18 states between 2008 and 2011 9 according to data from the Pediatric Nutrition Surveillance System and among children aged 2 to 5 years in NHANES between 2003 and 2014. 10 For school-aged children, the patterns we observed in AI/AN children were also similar to those in published studies for the general US population of children. In particular, analysis of data from NHANES showed no significant change in obesity prevalence between 2007-2008 and 2013-2014 for those aged 6 to 11 years, whereas a significant increase was seen for those aged 12 to 19 years between 1988-1994 and 2013-2014. 10 As with total obesity, our estimates of severe obesity prevalence for AI/AN children were higher than those for US children overall. In particular, class 2 obesity prevalence among AI/AN children aged 2 to 19 years was nearly double the most recent estimate of US prevalence from NHANES reported by Skinner et al.
11 (11.7% for AI/ AN children in 2014 vs 6.2% for US children in 2013-2014). In our study, the prevalence of class 2 and 3 obesity increased slightly from 2006 to 2015. Similarly, Skinner et al. found significant increases in class 2 and 3 obesity among children in the United States from 1999 to 2014. 11 Continued examination of class 2 and 3 obesity is warranted across all populations.
We found that AI/AN children have higher prevalence of obesity (BMI ‡ 95th percentile) than overweight (BMI ‡ 85th percentile but < 95th percentile), unlike US children overall, for whom studies have shown higher prevalence of overweight than obesity or similar prevalence for both. 11, 21 There are several issues to consider when one is comparing the results of this study to those for US children overall from NHANES and the Pediatric Nutrition Surveillance System. All 3 are based on direct measurement of children's height and weight and use the same methods for calculating BMI and determining BMI percentiles. NHANES includes a nationally representative sample of children, but does not include sufficient numbers of AI/AN children to calculate valid estimates of BMI for this population. The Pediatric Nutrition Surveillance System includes a large number of children, including AI/AN children, but only those aged 2 to 4 years from low-income families who attend federally funded maternal and child health and nutrition programs. Our analysis is based on the largest number of AI/AN children reported in any study of childhood obesity and includes children of all ages from across the country. However, as our data only include AI/AN children in the IHS active clinical population, the results should not be generalized beyond the study population.
Disparities in Obesity Prevalence
The reasons for the higher obesity prevalence in AI/AN children, a relatively new phenomenon seen only in the past few generations, 1, 6 are not completely understood. Explanations often suggested include the fairly rapid transition from physically active subsistence and cultivation activities to a wage economy and sedentary lifestyles as traditional land bases have disappeared. Also, studies among Pima Indians have shown that in utero exposure to diabetes may mediate later obesity in the offspring through fetal adaptation to the hyperglycemic intrauterine environment. 22 However, in light of recent research on the effects of stress and inadequate nutrition in utero and during early childhood on later obesity risk, the etiologies of obesity in AI/ AN children almost certainly include the social determinants of health, particularly poverty. In the 2011 to 2013 American Community Survey, 29.2% of single-race AI/ AN people were living in poverty in 2013, the highest rate of any racial group. 23 Social injustice, trauma, stress, forced cultural change, and displacement leading to cultural disintegration have been cited as key contributors to obesity and other chronic illnesses among AI/AN people. 24, 25 In general populations, childhood trauma and stress have been shown to be linked to obesity and other chronic illnesses in adulthood. 26, 27 Indeed, many AI/ AN people live in social and physical environments that place them at higher risk than many other US persons for exposure to traumatic events. 25 Among children in a National
Institute of Child Health and Human Development study, the experience of numerous negative life events in childhood increased risk for overweight by age 15 years. 28 Another contributing factor to obesity in children living in lower-income households is food insecurity, which is the lack of dependable access to sufficient quantities of high-quality foods. 29 Even before birth, stress and inadequate nutrition during pregnancy alter metabolic programming, increasing the risk for later obesity in the offspring. 30 
Classifying Childhood Overweight and Obesity
We used 2 definitions of childhood overweight in this study. One defined overweight inclusive of obesity (BMI ‡ 85th percentile for age and sex), which is used in other major studies 10, 11 ; the other distinguished between overweight and obesity (overweight = BMI ‡ 85th and < 95th percentile for age and sex). The latter definition was recommended by an Expert Committee in December 2007. 31 Figure B (available as a supplement to the online version of this article at http://www.ajph.org) shows how AI/AN children fit into discrete BMI categories in fiscal year 2015, including overweight, obesity, and severe obesity. We think it is valuable to use an approach that assigns each child to a single BMI classification and recommend consistency in reporting to allow comparisons across studies.
Strengths and Limitations
The strengths of our study are sample size, which is substantially larger than any previous study of obesity in AI/AN children, and representation from tribes throughout the United States. In addition, these data are drawn from primary care visits for children that generally visit I/T/U facilities and are not limited to children at high risk for obesity or other medical conditions. Other studies have shown that data from electronic health records generate highly stable population estimates of BMI and obesity prevalence that are compatible with NHANES results. 32 Our study has several limitations that need to be considered. Most importantly, the results cannot be generalized to all AI/AN children in the United States because there is a substantial but unknown number who do not receive care from I/T/U facilities and thus are not represented in the NDW. For fiscal year 2015, our analysis included 206 834 AI/AN children, whereas the US Census reports that there were approximately 1.97 million AI/AN children (AI/AN alone or in combination with other races) in the United States in 2013. 33 However, as data on race are self-reported, many children counted by the Census as AI/AN may not meet the eligibility criteria to receive services at I/T/ U facilities. In addition, some children who are eligible do not access services at these facilities. Second, approximately one third of eligible patients in each fiscal year did not have any values for height and weight or did not have values for both during the same encounter. We excluded these children from all analyses, and it is unknown whether they are different from the included children in any way.
Third, this study is cross-sectional for each year and does not track children over time. As such, we are unable to evaluate the trajectory of BMI in AI/AN children as they age.
Finally, we performed no statistical tests as there was substantial overlap in the children included over the fiscal years and no way to link their data from year to year.
Conclusion and Public Health Implications
Obesity prevalence among AI/AN children in the IHS active clinical population is still high and higher than the general US population of children in NHANES. However, our data suggest that the overall prevalence of obesity among AI/AN children in this population may have stabilized in recent years.
To address the persistent disparity of higher obesity prevalence in AI/AN children, public health policy interventions aimed at childhood obesity should be inclusive of and culturally sensitive to AI/AN populations.
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